Shock has been differentiated from hemorrhage on the basis of hemoconcentration, negative reaction to blood transfusions, and pathological changes in the tissues (1) . In hemorrhage, dilution of the blood occurs while concentration takes place in shock. After simple loss of blood, prompt recovery follows transfusion, whereas in severe shock, the administration of blood is frequently unavailing. It has been held that the tissues are anemic after hemorrhage while the pathological picture of shock is that of " dilatation and engorgement of capillaries and vessels " (2) . Blalock, however, in a convincing series of experiments (3) , showed that the classical picture of shock with hemoconcentration, negative reaction to transfusion, and pathological changes in the tissues, could be produced by hemorrhage alone. In his experiments on dogs under local anesthesia, the blood pressure was maintained at a low level for several hours by means of hemorrhage. At the end of this time, in spite of the fact that all the blood which had been removed was reinjected, the blood pressure continued to fall and the animal died. The present experiments were performed to investigate further the mechanism through which shock was produced by hemorrhage.
It is recognized that vasoconstriction takes place after hemorrhage and this reaction has been described as protective (4) . By means of contraction of the vessels in the presence of hemorrhage, the blood pressure is maintained at a level compatible with life. After removal of the vasoconstrictors by complete sympathectomy, cats under anesthesia are unable to tolerate as great a loss of blood as normal animals (5) . In a former communication (6) , it was shown, on the other hand, that intense and prolonged vasoconstriction caused a reduction in blood volume and shock in the experimental animal. This apparent paradox was attributed to a reduction in the volume flow of blood to the peripheral tissues produced by constriction of the arterioles. The hypothesis was advanced that vasoconstriction enabled the organism to adjust to the immediate crisis. If this reaction were so intense and protracted, however, as to reduce the nutrient flow to the tissues, shock would be produced.
The reaction of normal dogs to hemorrhage was, therefore, compared with that of completely sympathectomized dogs. Particular attention was paid to the function of vasoconstriction in maintaining blood pressure, and at the same time in restricting the flow of blood to the peripheral tissues. Arterial blood pressure was correlated with the volume flow of blood through the paw.
Death or recovery of the dog was used as the ultimate criterion of shock. Concentration of the peripheral blood, alterations in the oxygen and carbon dioxide contents of the arterial and venous blood, and the reactions of the dogs to transfusions were noted. At the end of the experiments various tissues were examined histologically.
METHODS
Dogs were used which weighed between 11 and 22 kilograms. Under aseptic precautions, cannulae were inserted into the carotid artery and the jugular vein, or the femoral artery and vein. Pain was prevented by the use of novocain in the operative wounds. The blood pressure was determined by means of a Hurtle manometer, calibrated with a mercury manometer. Blood was obtained for analysis of the oxygen content and capacity and carbon dioxide content from the carotid artery and from the right heart. The blood was taken under oil, chilled, and analyzed at the conclusion of the experiment. The oxygen content and capacity, and the carbon dioxide content were determined by the method of Van Slyke and Neill (7) . In certain of the experiments the plasma volume was determined by the method of Greger- Blood, which had been removed under aseptic precautions from donor dogs, was also injected in two of the experiments so that the total amount of blood which these animals received after hemorrhage was larger than the amount which was removed during the experiment.
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Complete sympathectomy was performed by removal of the paravertebral sympathetic ganglia in three stages as described by Cannon (10) . The sympathectomized dogs had fully recovered from the effects of the operative procedures at the time they were used in the experiments.
RESULTS
In the normal dog, after the blood pressure and blood flow had been reduced for a period of hours by hemorrhage, shock was produced. This condition was characterized by concentration of the peripheral blood, negative reaction to blood transfusion, and failure to recover. Figure  1 illustrates this reaction. In spite of the fact that the blood pressure at no time fell below 60 mm. Hg the blood flow was reduced to a low level. At the end of three and one-half hours, the blood pressure failed to rise and the blood flow started to fall spontaneously. Blood was then slowly reinjected. Over a period of six hours, although 64 cc. more blood were injected than had been removed, the blood pressure and blood flow failed to return to the original level. At the conclusion of the injection the dog died.
In the sympathectomized dog, as shown in Figure 2 , although the blood pressure was reduced to below 60 mm. Hg and maintained at this level for six hours before the reinjection of blood, the blood flow was not reduced to as great an extent, and recovery took place. Instead of hemoconcentration, dilution of the blood took place, even though the blood pressure was at a lower level than in the normal dog. The prompt response of blood pressure and blood flow to the reinjection of blood stands in contrast to the absence of response in the normal dog. At the conclusion of the experiment, the sympathectomized dog recovered completely and ran back to its cage.
The results obtained in nine experiments on normal dogs and three experiments on sympathectomized dogs are summarized in Table I . The amount of blood loss in proportion to the blood was minor but there were extensive patches of necrosis of the liver cells. In the duodenum of the shocked dog (C) the superficial portion of the mucous membrane had disappeared. This observation accorded with the fact that during the periods of low blood pressure, the shocked dogs always had profuse bloody diarrhea in which sloughs of the mucous membrane could be made out. The mucous membrane of the duodenum in FIG. 4 body weight was greater in the normal dogs (5.4 per cent) than in the sympathectomized dogs (3.6 per cent). The time necessary to reduce the blood pressure to a low level in the normal dogs (2.1 hours) was also greater than that required in the sympathectomized dogs (1.2 hours).
In Figure 3 are shown the contrasting histological pictures of one of the normal dogs which died in shock and one of the sympathectomized dogs which was sacrificed after recovery. The liver of the dog which died in shock (A) showed tremendous engorgement with blood and some evidence of degeneration of the liver cells. In the sympathectomized dog (B) engorgement with * Transfusion e45 cc. In two of the normal dogs, recovery took place, even though the blood pressure had been reduced to a low level for six hours. The amount of hemorrhage was equivalent to that in the dogs which went into shock. Figure 4 illustrates the reaction in one of the dogs. It can be seen that the blood flow through the paw was not reduced to as great an extent as in the shocked dogs. Although concentration of the blood took place at one time in the experiment, considerable dilution occurred later. 
DISCUSSION
The importance of an adequate supply of blood to the tissues of the body has been emphasized by many investigators in their studies on the mechanism of shock. Erlanger, Gesell, Gasser and Elliott (11) concluded that the causative factor of shock was " reduced circulation brought about possibly through the action of pain stimuli, and of a certain amount of hemorrhage, on the vasoconstrictor mechanism." Gesell (12) , after his studies on the relationship of hemorrhage and ""tissue abuse" to the blood flow through the salivary gland stated that the "volume flow of blood appeared to be the more fundamental problem." During the World War, Bayliss (13) wrote: " At the risk of tiresome iteration, I would again emphasize the importance of adequate oxygen supply to the tissues." Johnson and Blalock (14) stressed the importance of a reduction in the output of the heart from a diminished blood volume as the centrally important feature in the development of shock. Since low blood pressure characterizes shock it was natural that attention should have been focused upon this aspect of the problem. Cannon (15) in his monograph on shock stated, "One of the central problems, if not the most important central problem, of shock is that of discovering the reason for the lowered arterial pressure." Porter (16) was the first to call attention to the " critical level " of blood pressure and Cannon (15) , in his experiments with cardiac tamponade in cats, found that if the blood pressure were reduced for a period of time below the critical level, 70 mm. Hg, a condition of shock ensued.
Vasoconstriction, since it diminishes the capacity of the vascular bed and thus helps to maintain the blood pressure, has generally been regarded as a beneficial reaction. Through vasoconstriction, however, at the same time that the pressure is maintained in the larger arteries, the "nutrient flow " through the smaller vessels is reduced.
The data in the present experiments indeed show that vasoconstriction initially performs a beneficial function. The normal dogs were able to tolerate a greater loss of blood than were the sympathectomized dogs (Table I ). The blood pressure was not reduced to as great an extent even though more blood was lost. The volume flow of blood in the periphery, on the other hand, was reduced to a greater extent. Associated with this reduction in nutrient flow, hemoconcentration took place, and the process of shock was initiated.
From analysis of the relationship of blood pressure to blood flow in the absence of vasomotor impulses ( Figure 5 ), it is clear that the head of pressure was of preeminent importance in regulating the volume flow. Superimposed upon this control was that exercised by the vasomotor system ( Figure 6 ). In the normal dog, wide variations in flow were encountered during the period of initial bleeding over the higher ranges of blood pressure. Then, below 70 mm. Hg, the flow was drastically and consistently reduced. We feel it to be of significance that the marked reduction in flow should occur at approximately 70 mm. Hg, the so-called " critical level " (16) . At blood pressures below 70 mm. Hg, although the blood flow through the paw of the sympathectomized dog was reduced, the tissues were probably still able to obtain sufficient blood for their needs. Vasoconstriction in the normal dog, at these pressures, still further reduced the blood supply and shock was produced.
Vasoconstriction after hemorrhage serves to protect the vital centers against the harmful effects of a dangerously low blood pressure. The effects of a period of prolonged low pressure on the heart were frequently observed. If blood were too rapidly reinjected after a period of low blood pressure, evidence of acute cardiac failure would supervene. The blood pressure would fall. Recovery could then be effected by withdrawing some of the blood and reinjecting it more slowly. In three of the experiments (Numbers 751, 767, and 2, Table I), the dogs were killed by too rapid reinjection of blood. Postmortem examination revealed a dilated right heart. The necrosis of the liver cells observed in the sympathectomized dog which was sacrificed (Figure 3 , C) may have resulted from the prolonged low blood pressure, but our data are insufficient to warrant drawing conclusions.
The brain is another vital center which is susceptible to injury from low blood pressure. In one of the sympathectomized dogs (385) and in one of the normal dogs which recovered (641), although the blood flow and blood pressure returned to normal after the reinjection of blood, the dogs showed definite signs of cerebral damage, manifested by stupor and extensor rigidity. This observation serves again to stress the useful function of the sympathetic nervous system. By means of vasoconstriction, preferential treatment of blood supply is given to the brain, since the cerebral vessels do not respond as vigorously to vasoconstrictor impulses as do the peripheral vessels (17) . The general tissues of the body are deprived of blood in order that the brain may live. After sympathectomy, this preference is lost. All the tissues of the body are accorded the same treatment. If the brain is receiving sufficient blood for its needs, all the tissues of the body are probably adequately supplied. As long as the brain is kept alive in the sympathectomized animal, the tissues will be kept alive also.
Another observation which is in accord with the concept of an inadequate circulation as the fundamental cause of shock is offered by the determinations of the oxygen and carbon dioxide contents of the arterial and venous bloods. In the shocked dog (Table II) , there was not only a severe reduction in the oxygen content of the venous blood as a result of the sluggish flow, but the carbon dioxide content was also reduced. This reduction in the carbon dioxide content, formerly believed to be of significance in the etiology of shock (Acapnea theory of Henderson (18)), is considered at the present time by most investigators to be of importance only in illustrating the acidosis from the accumulation of "fixed acids" which results from an inadequate circulation. In the sympathectomized dog, although the venous oxygen was reduced just as much as in the normal dog in shock, the " acidosis " was not as severe. Although the tissues of the dog which recovered were not receiving as abundant a supply of blood as normally, there was still sufficient oxygen to prevent as great an accumulation of fixed acids as in the dog which died.
The volume flow of blood through the hind paw of the dog is not an exact index of the circulation through other portions of the body. Blalock and Levy (19) have recently presented evidence to show that in shock, the blood flow through the hind quarters of the dog is reduced to a greater extent than that through other regions. In our experiments it has served pri- (20) .
It is probable that the reduction in blood flow, observed in Dog 25 even before the hemorrhage, was the result of emotional stimulation. After hemorrhage, although the arterial blood pressure was maintained at a higher level as a consequence of the activity of the sympathetic nervous system, the blood flow was so far reduced that it facilitated the process of shock. In Dog 641, the high preliminary level of blood flow before the hemorrhage indicated that the sympathetic nervous system was not being called into activity. Even after hemorrhage, vasoconstriction was minimal. The blood flow continued at a high level, dilution of the blood took place, and the dog recovered.
Similarly, Dog 546 (Table I) (Figure 1 ). This condition was characterized by hemoconcentration, failure to respond to blood transfusion, and characteristic pathological changes in the tissues (Figure 3 ).
After total sympathectomy, even though the blood pressure was reduced to a lower level, for a longer period of time, shock was not produced (Figure 2) . Dilution of the blood took place, there was prompt and beneficial reaction to blood transfusion, and similar pathological changes in the tissues did not occur (Figure 3 ).
The sympathectomized dogs, however, were unable to tolerate as large hemorrhages as the normal dogs. The blood pressure also fell to a lower level at an earlier period than in the normal dogs (Table I) .
The difference in reaction of normal and sympathectomized dogs to hemorrhage was correlated with the peripheral blood flow. In the normal dog, as the blood pressure was reduced by hemorrhage to 70 mm. Hg, the blood flow was reduced below 2 cc. per minute (Figure 6 ). In the sympathectomized dog, at the same level of blood pressure, the blood flow was above 2 cc. per minute ( Figure 5 ).
In two normal dogs which recovered, although the blood pressure was reduced to between 60 and 80 mm. Hg, the blood flow continued above 2 cc. It was our impression that the absence of fear in these dogs predisposed them to recovery.
Vasoconstriction in the presence of hemorrhage gives preferential treatment of blood supply to the vital centers, the heart and the brain. In the sympathectomized dog, such preference is lost. All the tissues of the body are accorded the same treatment. As long as the vital centers receive sufficient blood supply, all the tissues of the body probably receive an adequate amount of circulation, and the condition of shock is prevented. 
